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INTRODUCTION
When Ponce de Leon sought the fountain of youth
many centuries ago, he exemplified the hopes and desires of the people of his time, that a, miraculous
substance could reverse the inevitable processes associated with approaching senility.
This search has continued down through the
years, given impetus by the ever constant yearning of
human beinga to maintain the vitality and vigor of
7.outh.
The investigations as to the etiology of
arteriosclerosis are examples of more intelligent
thought directed toward the solution of this problem.
If arteriosclerosis could be prevented, many of the
chronic disabilities, and even acute manifestations
of senility would not develop.
Arteriosclerosis has been known since antiquity
though accurate knowledge of this condition has been
gained only within the last seventy-five years.

To

Virchow we are indebted for the first careful histologic descriptions.

From his time to the present,

innumerable investigations have been made and while we
have detailed information concerning the anatomical
changes, our knowledge of the causative factors is,
in reality, meager and controversial. The importance
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of the condition is recognized by consideration of
its far-reaching consequences.
The increasing importance of arteriosclerosis
as a cause of morbidity and mortality make the
understanding of its causes of the utmost significance.

It is apparent that it will be difficult to

find a single factor responsible for a condition presenting such widespread and varying manifestations.
There is disagreement as to the identity and relationship of the various processes and still further
dispute as to their cause.

The etiological factors

may arbitrarily be grouped under the headings:
mechanical; metabolic; endocrinologic; infectious;
nervous; hereditary predisposition; and intoxication.

Each theory has evidence to support it, but

there seems to be as yet no unity in the picture.
The subject has been greatly confused by the
lack of agreement among the investigators as to what
should be included under the term "arterosclerosis".
There is further difficulty in the application of
different labels to the same conditions.
Progress has been made, however, and the purpose of this writing is to acquaint the reader with
information concerning the theories, evidence and
progress made toward the solution of this proble~ to
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the present time • .
It has been necessary occasionally to go into
pathological detail and explanation of metabolic
and physiological processes to make the writing more
easily understood.

Repetition has been used at

certain times to emphasize important thoughts.

How-

ever, the etiology of arteriosclerosis is the primary concern of this writing and all conclusions
point to this problem.
Much work still remains to be done.

The

problem is intricate and all processes of the body
seem, 1n some proportion, to be involved.

•
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THE GENESIS

9F ARTERIOSCLEROSIS

Arteriosclerosis is a disease not confined to
modern times.

By the examination of Egyptian mum-

mies it has been shown that the ancient people
suffered from this affliction.
Still envied methods of ambalming preserved
many bodies and accurate examinations could be
made for evidence of arteriosclerosis.

Examiners

noted that arteriosclerosis was a very connnon finding.

This condition was first noticed in examining

the body of the ancient royal Egyptian, Menepthah.
A part of his aorta revealed typical advanced
sclerotic lesions with extensive deposition of calcium phosphate. (79) The time of existence of the
mummies examined extended from 1580 B.C. to 525 A.D. (74)
Marc Armand Ruffer of the Cairo Medical school,
concluded, after extensive studies, that the condition
was as prevalent among the ancient Egyptians as it is
now presented and also suggests that it may have been
much greater than the modern incidence. (74)
Ruffer goes on to suggest that from the life
habits of the Egyptians (of which he has great
knowledge) the deduction could easily be made that,
in regard to the etiology of the disease, strenuous
exercise, hard labor, alcqhol and a high protein diet
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may be ruled out as pathogenetic f.actors. (74)
To depict very briefly the early written descriptions of arteriosclerotic conditions one may go
back to Aristotle's time.

He stated that the early

anatomists seemed to have encountered calcified areas
of the aortic valve and at the root of the aorta.
Aristotle had written about changes in the sinews of
old animals and had correlated this condition with
the failing of strength.

From other writings of this

period, there was a suggestion that there may be a
relationship between arteriosclerosis and senility. (6)
Herophilus and Eristratus wrote extensively on
the subject of vascular disease describing pathological
conditions similar to arteriosclerosis. {57)
Celsus and Galen, as far as is known, have no
volumes mentioning anything similar to human arteriosclerosis. (57}

If this condition were at all

prevalent at that time, it is remarkable that the
disease should escape the scrutiny of men possessing
such remarkable powers of scientific observation.
Through the 16th and 17th centuries information
relative to the subject of arteriosclerosis is scarce.
The materials connnonly found were usually reports of
arteriosclerotic findings and description of the cases.
It was generally an accepted belief that arteriosclerosis was a natural phenomenon and consequently
no extensive scientific work was done. {20)
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Antonio Beninene, in 1507, described a pathological condition termed "tubercle of the heart"
which might very likely have been arteriosclerotic
changes. (57)

In 1554, Jean Fernel published "The Medic1n1",
the great compendium on the medicine of the time.

In

the entire volume there was no mention of a condition
that may have been arteriosclerosis. (27)
During the succeeding years of the 16th
century there appeared casual description of "ossified

arteries". (57)
During the 17th century no outstanding progress was made.

Such men as Harvey, Bartholin,

Willis and Malpighi wrote only briefly ab out arteriosclerosis. (57)

In the latter part of the 16th century it was
observed by William Cowper that the passage of blood
was impaired by the thickened calcareous arteries. (21)
This was also noted by Boerhaave in 1708. (15)
In the 18th century the workers still believed
the induration of arteries to be the result of
physiological response to the activities of the
organs.

They did realize, however, that these

modifications were not beneficial as was thought previously.

It was during this period that interest
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gathered momentum and some actual effort expended
to seek the pathogenesis of the disease.
Boerhaave thought the thickening of the walls
of the Vasa Vasorum due to the continual friction
of the circulating blood in these small vessels
was responsible for the rigidity of the arteries.
He was the first to consider the primordial role of
the alterations of the vasa vasorum in the production of arteriosclerotic lesions. (15)

This theory

has been revived by several of our leading
authorities of modern times.
Salzmann, Kuhn and Vater, working from 1730
to 1733, studied the processes of calcification
and ossification of the arterial walls and other
tissues.

They concluded that there was a direct re-

lationship between viscosity of the blood and the
osteo-calceogenetic processes. (43)
Johann Frederick Crell writing in 1740 gave
the name "Trophaceous deposits" to the calcareous
areas in the arteries at that time universally
spoken of as "ossifications".

He declared that

these incrustations were not bony but of a
trophaceous nature and were derived from pus.

He

stated the condition could be found at any age,
an opinion not sharerl by his contemporaries.
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It

was his idea that the sluggish viscid juices, present
in the old or intemperate young, tended to obstruct
the arteries own intrinsic vessels (which in part
concurred with Salzmann•s views on viscosity playing
an important role), (43) which resulted in inflammation and suppuration.

This exudative material tended

to separate the fleshy coat from the internal layer,
its amount depending on the existing resistance of
the body.

In due time, physiological petrifaction

of the pus took place with the formation of scales
between the coats. (22)
Giovanni Batlista Morga,ani, in 1761, an anatomist,
described the lesions he found as "elevations and
pustules".

He stated that the larger elevations,

when incised, presented a cavity, which contained a
somewhat so~tened material. (62)

Therefore he was

inclined to agree somewhat with Crell's (22) opinion.

In 1755, Albrect von Haller concluded that a
gradual uninterrupted process took place from a soft
state of atheroma to a final bone-like plate.

So -

he with Crell (22) and perhaps a few others, directed attention to the softening process in arteria
degeneration. (34)
At the beginning of the 19th century it was
definitely shown that arterial indurations were true

-8-

lesions, and not just a simple physiological evolutionary process associated only with senile encroachment, as was generally believed at the time.
During this period the workers investigated
the question as to whether atheromatous arteries
were or were not of inflammatory nature. ( 57•)
To Xavier Bichat, who is considered to b.e the
first general histologist, goes the credit of
locating in 1801, the initial lesions of arterial
"ossification" in the intima, while Grell (22) and
Haller (34) gave its location between the intimal
and medial coats. (13)

In 1819, Laennee expressed the opinion that
atheromatous alterations were not due to inflammation, further contesting Crell's (32) theory.

He

also relocated the plaques of ossification, placing
them between the inner and middle layers of the
vessel wall.

These two opinions contested the

general trend of thought held at that time. (50)
Joseph Hodgson, writing a lengthy treatise
in 1815, agreed with Crell, Morgagni and Haller by
stating that he was of the opinion that the atheromatous changes were the result of arterial inflammation and that the content of the soft lesions
was true pus.

He also considered the primary lesion
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to be an intimal changEl..•

He sought the chemical

content of the "bony" plaques and found they were
composed of 65.5 per cent phosphate of lime and
34.5 per cent animal matter of an albuminous nature.
He was thus convinced that the plaque was merely an
"earthy" deposit and not true bone.

This was the

first time any one had attempted to determine the
exact nature of these plaques. · (36)
To Lobstein, doing some extensive work on this
condition about 1820, goes the distinction of
identifying this lesion by the term "arteriosclerosis".
It was his idea that nutritional disorders, which
were manifested under the influence of gout and
rheumatism, were responsible for these pathological
alterations.

He was the first to think of nutri-

tional abnormality as being a causative factor. (56)

In later yea.rs the term changed somewhat from
its original meaning.

Some writers used the term

to designate a generalized affection of the arterial
system, of which atheroma was a simple location of
the condition.

Other authors believed the atheroma

was a separate affection, different from arteriosclerosis, which was reserved for alterations of the
arterioles of which vessels Lobstein was ignorant.
( 73) ( 81)
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Carl Rokitansky expressed hi~ opinion in a treatise
published in 1844.

It was his belief that the in-

durations were due to the deposit of blastema which
crune from the blood and was deposited in or on the
internal surface of the vessel.

The blastema, he

thought, was the result of a special blood condition
and could undergo various metamorphoses.

It could be

changed to connective tissue, an elastic fenestrated
membrane, and finally into a calcareous deposition. (73)
During the second half of the 19th century,
the use of the microscope,

Kymograph,Microtome, and

Sphygmomanometer gave tremendous impetus to accurate
study.
Rudolf Virchow, 1856, believed that the lesion
lay under the endothelium, thus contesting the opinion
held by Rokitansky.

He further disagreed with

Rokitansky 1 s opinion by stating that the hyperplasia
of the intima was not the result of the deposit of a
substance carried by the blood, but rather that it
was an inflammation comparable in all respects to
that observed in endocarditis.

The inflammatory

products then underwent secondary changes of which
atheroma were the most frequent results.

Ha made a

distinction between atheroma and fatty degeneration,
the latter purely passive while the first was
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associated with an irritation.
Virchow described the sclerous lesion as being a product of chronic inflammation with an overgrowth of connective tissue, due to the mechanical
irritation of the blood pressure on the intima of
the affected area.

He gave as predi sposing factors

advanced age, free living and excessive use of alcohol.

This is in direct contrast with the opinion

held by Ruffer. (74)

As to the mechanics of sclerotic

formation, Virchow stated that fatty degeneration
of the connective tissue took place, with solution of
intercellular ground substance followed by impregnation of the 1ntercellular material with calcium
salts. {81)
The first to describe the sclerotic changes
in arterioles was George Johnson in 1852.

He noticed

the thickening of arterial walls of the kidneys in
chronic Bright's disease. (41)
At this time (about 1850) it was rather well
established as to the nature of the clinical and
pathological features of the disease.

The views

taken were well accepted by the investigators.
It is significant to note that it was not until
approximately this time that the pathogenesis of this
disease was very much consider~d.
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It soon gained

considerable momentum and vrork has been undergoing
acceleration to the present time.

The pathogenic

investigations continued to be most active among the
German anatomists, until the most recent decades.
In 1883, Richard Thoma was of the opinion that
the intima proliferation was a compensatory mechanism
for a primary lesion elsewhere in the arterial wall.
This belief was one of the most influential pathogenic theories of the time. (57)
Jores, in 1890, based his theory on changes
in the elastic tissue which up to this time had been
ignored.

He thought that an overgrowth occurred

following retrogressive changes in the arterial

wall. (43)
During the 20th century, decided emphasis has
been placed on the pathogenesis of arteriosclerosis.
The beginning of this period saw the introduction of
the idea concerned with the relationship of cholesterol metabolism and its deposition to the development of arteriosclerosis.

Also new and more exten-

sive studies and thought have been directed to the
more plausible theories of the previous century.
Ignatowski, in 1908, arrived at the conclusion
that a high protein diet fed to experimental animals
caused pronounced vascular changes, consisting of
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thickening ~of the intima in some of these animals.
His work was later disproven by scientists who
attempted experiments along the same line. (3)
Anitschkow, in 1912, experimenting on
rabbits, was able to produce a typical atherosclerotic lesion in a rabbit feeding pure cholesterin
dissolved in vegetable oil.

He stated that

Ignatowski 1 s work supported his theory because
Ignatowski had fed his animals foods that contained very high amounts of cholesterin. {3)
Extensive experimental w:>rk on the etiology of
arteriosclerosis has been undertaken since the beginning of the present century.

It was A:nitschkow

(3) in 1912, who gave impetus to the rather discouraged workers at that time.

He was the first to

demonstrate experimentally the importance cholesterin
plays in the formation of indurated arteries.

This

work has been substantiated by many other workers,
who, although they have not established similar
conclusions, have definitely shown that there is a
causal relationship to arteriosclerosis and cholesterol.
Among the more noted of these recent workers
are Faber (26), Scarff (77), Bailey($) (10), and
Klotz (48), who satisfied themselves that the high
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cholesterin diets fed to their experimental animals
caused atherosclerotic lesions to arise.
Moehlig and Osius attempted to produce
arteriosclerotic lesions in the rabbit by the administration of pituitrin and also of cholesterin,
under very rigidly controlled conditions.

They fed

one group of rabbits cholesterin alone, the second
group pituitrin and cholesterin and a third group a
normal diet plus obstetrical pituitrin.

The exper-

iment lasted one hundred days at the end of which time
they were definitely of the opinion that increased
cholesteral diet is related to the development of
artersclerosis and that with the administration of
pituitrin in addition to the cholesterin the significance of this relationship is increased. (61)
Shapiro working in 1926, feeding rabbits
twelve cubic centimeters of lanolin in cotton seed
oil per day, after the animal had suffered the
exterpation of the thyroid, spleen, gonads and
suprarenals (in separate and combined procedures)
in an attempt to determine the influence the endocrine system had on the cholesterol-arteriosclerogenic relationship, concluded from his experiments
that there was a cellular alteration resulting in
atheroma due to the deposition of cholesterin or
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cholesterol esters within the intima.

He is of the

opinion that conditions influenced by long standing
hypercholesterinemia aid in the deposition of
cholesterol in the aorta. {78)

A diagram showing the

results of his experiments follows:
No. of
Rabbits

Operative
Procedure

10

None

Period of Lanolin
Feedi!.!8,

Degree of
atheromatosis

110-120 days

Early

6

Gonadectomy

50-60 days

Early

7

Splenectomy

50-60 days

Early &
~oderate

8

Thyroidectomy

40-50 days

Moderate

7 days

Severe?

6

Bisuprarenalectomy

85-100 days
110 days

1

1
2

None
Early

Thyroid & suprarenalectomy

50 days

None

Thyroid &
splenectomy

50 days

Severe

Gonad &
splenectomy

100 days

Severe

Lowenthal (57a), in his experiments concluded
that castration slows the excretion of cholesterol.
aordonoff was able to produce atherosclerosis
in rabbits by feeding small amounts of eholesterin
dissolved in sunflower oil for a relatively lengthy
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period.

He found the lesion to be similar to the

human forms of the disease.
Newburgh and Clarkson,in 1923, produced
definite evidence in favor of the prime importance
proteins play in the production of atherosclerosis,
by feeding rabbits with diets rich in meat.
used two diets:

They

one with 1000 grams of powdered

beef and 2000 grams of flour bran; the other 500
grams of powdered beef and 2000 grams of flour bran.
The first diet contained 36.2 per cent, the second
27 per cent protein.

Rabbits on the first diet

began to show intimal changes earlier than those on
the second diet.

The extent of the lesion was

roughly proportional to the amount and duration of
protein feeding. (64)
Alt4r, in his experiments, used 35 rabbits,
5 of which were used as control.

The others re-

ceived a diet rich in milk protein.
were young.

All the rabbits

They received a diet consisting of

40 grams of chemically pure casein mixed with carrots.
Five of the rabbits were fed, additionally, capsules
containing gram positive organisms (streplococcus
viridins from a case of endocarditis).

Five re-

ceived capsules containing gram negative organisms
\

(B. coli from a case of ulcerative col1tis).

Twice

daily 200,000 live organisms were given in physio-
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logic saline solution.

At interval s some of these

animals were killed for pathological study.
Pathologic examination showed that the rabbits
had definite intima lesions of the aorta ai'ter 20
weeks.

After 44 weeks all of the animals showed

atherosclerosis of the aorta in a varying but marked
degree.
The most marked results were obtained with the
combination of high protein diet and feeding with a
virulent strain of B. coli.
Alter is of the opinion, that a high protein
diet with abnormal proteolysis, as affected by a
changed intestinal flora, may result in absorption
of toxic proteolytic substances that are chiefly
responsible for the fatty degeneration of the intima.
Pure high protein diet, without feeding or organisms,
has also proven effective in the production of atherosclerosis, although less marked in degree. (2)

In a study of the aortae of 123 , persons suffering sudden death from violence, Lande and Sperry
concluded that there is no correlation between the
concentration of cholesterol in blood serum and
lipoid content of the vessel wall.

They also conclud-

ed that the incidence and severity of atherosclerosis
are not directly affected by the level of ch6lesterol
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in the blood serum. {51}
This view is not tolerated by Leary who states
that free cholesterol must be present in excess,
before sclerotic lesions can develop. {54}
Page and Bernhard sought the value of the
administration of an organic iodine compound in preventing atherosclerosis.

Tiley used 24 rabbits

divided into two groups.

One group received a normal

diet, with addition of cholesterin in warm olive oil.
The other group received the same as the first group
but in addition received di-iodid of ricinsterolic
acid.

The rather intriguing results of these ex-

periments were as follows:
The first group developed the expected
atheromatosis.

The second group showed only slight

atheromatous changes although throughout the experiment the lipoid fractions of the blood were increased
in comparison to the blood of rabbits receiving the
cholesterin and oil alone.

This indicated that the

iodine increases the lipemia but strangely, the
cholesterin deposits in the arteries were seemingly
not increased or perhaps even reduced.

The investi-

gators arrived at the conclusion that the iodine altered the metabolism of the tissues to such an extent to prevent deposition from the 11pem1cplasma,
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even though the degree of lipemia is increased.

In view of the above conclusions thyroid metabolism
assumes a much more significant role.
If metabolism does play such an important
part it can readily be seen why atherosclerosis is a
focal and ·not a generalized lesion. (70)
Bailey fed guinea pigs for months on a
cholesterol rich diet and was able to produce intimal changes in the aorta. (10)
It may be pertinent to note at this time that
in all experiments, atherosclerotic lesions have
never been produced in carniverous animals.

Experi-

mental lesions have been seen only in herbiverous
animals, due most likely to the fact that the herbiverous animals cannot excreta the excess cholesterin
while this function is carried out by the carnivorae,
a fact to be explained in more detail later. (41)
In a controlled experiment by Davis, Stern and
Lesnich, it was definitely shown that there was an
increased cholesterol content in the blood in patients
with angina pectoris.

Patients with syphilitic and

rheumatic hearts were excluded.

Also the phospho-

lipids and fatty acid levels were higher in the
angina groups than in the control group.
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Their con-

clusion was that the lipid and cholesterol metabolism is disturbed, either primarily or secondarily
in at least a certain number of patients with angina
pectoris. {23}
Glazier was interested in the effect of the
stimulation of the vegetative nervous system on the
cholesterol level.

He found that injections of

adrenalin would cause a hypercholesterinemia.

It is

suspected that the liver, which plays an important
role in the metabolism of cholesterol is affected. (31)
One of the first experiments along this line
was performed by Josue, in 1902, who succeeded in
producing ar,teriosclerosis in rabbits by intravenous
injections of adrenalin. (17-8)

The experiment

started considerable controversy, however, as it was
shown subsequently by M~nckeberg, that the sclerosis
of the media of the vessels, as seen in these rabbits,
is a separate and definite pathological entity, quite
different from the intima lesions of the human
arteriosclerosis.

Klotz proved later that the

adrenalin has a selective, toxic effect on the nruscle tissue of the media of the vessel, producing necrosis and subsequently scleros·is of the same. {46)
Bleitzke, in reviewi'n g the subject, referring
~

to the pathogenesis of arteriosclerosis, states
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there are two schools ~of thought.

One, more in

favor at the present time, says that the causative
factor ls a penetration of the intima by the lipoid
plasma, the entrance of which is facilitated at
certain points by mechanical factors.
These mechanical factors also cause degenerative transformations and reactive proliferations at

these places.

The other school states that the

primary cause is maculated lesions of the media
either of functional or anatomical origin.

The in-

timal proliferations are compensatory and the fatty
and other degenerative changes are secondary and of
equal importance.

Bleitzke believed that the in-

filtration of lipoid material is not primary, the
calcium and lipoid deposits being found in the
normal vessel wall.

He thinks increased deposits

are the result of faulty metabolism of the tissue
and dependent upon the plethora of the blood of the
substances. (14)
A popular hypothesis has been that arteriosclerosis is related to stress and strain oh the
arteries in question.

In favor of this theory is

the often observed development of the calcified
plaques at the points of greatest stress in the
vessel walls.

Aside from this example, wnat con-
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stitutes we-ar and tear on the arteries is an open
question.

However, Fox in his studies is of the

opinion that the relation of arteriosclerosis to
forced work is nil in wild animals.

He states that

if one considers the activity of an animal in its
enclosure, those animals that prance and jump, run
and climb the most are least affected, while those
which are rather quiet exhibit the highest incidence
of lesions.

Those that best illustrate the most pro-

nounced forms of arteriosclerosis,

bovine parrots

and ducks, are relatively placid animals. (28)
Duff recently gave a detailed and logical
review of the literature and the experimental data
concerning experimental cholesterol arteriosclerosis
and from an analysis of them and known factors of
human arteriosclerosis he comes to the conclusion that
some form of injury to the vessel wall is the essential factor and that it antedates the deposition of
cholesterol and its esters as well as lime salts.
Thus far the cause or causes of injury to the arterial
wall are unknown.

The importance of this view and

of the observations made supporting it lies in the
significance of focal injuries by way of vaso vasorum. (24)

In a study of 536 persons of both sexes over
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40 years of age, representing four dtfferent types
of occupational activity, Pratt, Lake and Wright
attempted to determine the cause relationship between occupational activity, hypertension, significance of sex and arteriosclerosis.

The classifica-

tion comprised persons who had for ten years or more
been predominantly sitting, standing, walking or
climbing.
They found that men had a higher incidence
of arterial disease than did women of the same ages
who had been employed at similar occupations an equal
length of time.

Among the younger men (age group

40-49) stair-climbing apparently produce-d significantly higher incidence of arteriosclerosis than did
standing, sitting or walking.

No significant dif-

ference could be

established among the last three

classifications.

Over the age of 50 there were no

significant differences in the incidence of arterial
disease in any of these classes.
The use of alcohol and tobacco did not influence
the incidence of arteriosclerosis in the series study.
There was a definite relationship in both
sexes between the incidence of hypertension, activity,
and arteriosclerosis of the lower extremities. (52)
Cholesterol is a hydro-aramatic secondary
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alcohol which can unite with fatty acids to form
esters.

It is contained in all animal cells in

normal amounts, hidden in the cells, and disclosed
only on chemical examination.
is excess cholesterol.

All visible cholesterol

Excess cholesterol is present

in atherosclerotic lesions in two forms: esters which
occur in droplets, the so-called fluid crystals of
Lehmann, and solid notched

oblong plates.

Both

fluid and solid crystalline forms are anisotropic
(doubly refracting) and permit identification of the
substance in the lesions.
The dietary sources of cholesterol are egg
yolk, milk and meat fats.

Cholesterol is the

source of the sex hormones and adrenal corticosterone.
It is closely related to the bile acids, the fat
soluble vitamins and the carcinogens.
seems to be under thyroid control.

Its metabolism

Females mobilize

cholesterol during pregnancy, and appear to possess
a better cholesterol metabolism than do males.
Cholesterol is an irritant.

It is, however,

relatively benign, provoking chronic irritant effects.

In this respect it is akin to silica.

Adequate amounts of cholesterol fed to rabbits will
produce after long delay, in addition to atherosclerosis, cirrhosis of the liver, enlargement of the
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spleen and chronic vascular nephritis.

Both

silica and excess cholesterol are difficult to
metabolize, tend to persist in the tissues for long
periods, and stimulate a growth of connective
tissue. (37}
A summary of the knowledge of the metabolism
of cholesterol may be pertinent at this time.
Functions of cholesterol are:
1.

A constituent of the frame work of cells
because of its stability to ordinary
chemical changes.

2.

A protective substance in cells.
a. An anti-toxic, anti-hemolytic
and anti-infectious agent.
b. An insulator of the central
nervous system.
c. A conditioning constituent of the
skin.

3.

A conveyor of fatty acids to and from
fatty deposits.

4.

A facilitator of fat absorption.

Abnormal variations may arise by:
1.

Abnormal SYBthesis beyond normal tolerance
or destruction.

2.

Abnormal affinity of tissues for cholesterol.

3.

Abnormal precipitation or liberation.

4.

Hemoconcentration or dilution.

5.

Failure of elimination.
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(See diagram).

DIAGRAMMATIC REPRESENTATION OF THE
METABOLISM OF CHOLESTEROL

~Intestine (

Bile-gall bladder

Thoracic duct

\
Synthesis
(site?)

\
------- Blood
~
Free

Free - Precipitation
Free

I

Liver

Bowel
destruction
(site?)

ctolesterol
(ext. & resorbed)
Tissues
Koprosterol

Free and esters
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Lewis describes the evolution of the degeneration of the aorta and lesser vessels as ~ipoidosis,
lipoid cell (cholesterol) formation, a distrubance
of gall bladder function.

There is improper con-

centration of cholesterol in the lining of the gall
bladder, then the pouring over into the circulation
of cholesterol (hypercholesterinemia), the deposition
and the accumulation of this lipoid primarily in the
aorta, just within the internal lamina, lipid phagocytosis of this lypid and the failure of these
phagocytes to destroy the cholesterol; and the continued accumulation in the intlma, resulting in
pressure necrosis, cholesterol abeess formation,
rupture of this abcess puuring the cholesterol out
into the general circulation, and the replacement
of this necrosed tissue with

fibrous tissue.

If con-

tinued over long years extensive deposition of calcium is made.

Stresses and strain seem in some way

to affect this deposition in certain areas of the
elastic vessels.

Leary and Aschoff agree completely

with this statement. (54) (8)

Thrombus formation

follows the rupture of this cholesterol abcess and
if in small vessels occludes the artery thus producing
infarction of the area supplied by this vessel.
Aschoff, in one of his later works (1938)
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(55a)

described atherosclerosis as consisting of a fatty
degeneration and inspissation of the intima followed
by sclerosis.

The disease has two stages, the pre-

sclerotic stage, or atherosis, and the sclerotic
stage, or atherosclerosis.
The presclerotic stage coincides with the
still prevailing growth of the vessels.

As long as

phenomena, of growth have the upper . hand in the age·
of involution, J atherosclerosis proper, expressed by
a lamellar thickening of the intima, cannot prevail.
However, the presclerotic stage itself is not devoid
of changes of the intima.

The latter shows wax in

spots resembling candle drippings.

The fact that the

nourishment of the intima, like that of the inner
layers of the media comes from the blood stream
constitutes a great and important difference, which
is enhanqed by the mechanical irritation of the
aorta and of the larger arterial tubes by the pulse
waves within, and its absence without, (a view not
shared by many, including Evans (25)

).

The changes in the aortic ihtima in the presclerotic stage are especially conspicuous above
the departure of the small intercostal arteries.
Their yellowish color, which yields to white in the
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sclerotic stage, is due t~_a peculiar fatty degeneration.

The old dispute about its site being

the cells or the inter-cellular substance has been
decided in favor of the latter localization.

The

intercellular substance of elastic liminal tissue
is the first to undergo fatty degeneration.

Second-

arily only, and gradually, the suprajacent cells of
the intima become lipophagic.
The fat or cholesterol deposits in the interstitial substance and in the cells of the intima
in the presclerotic stage of atherosclerosis come
from the blood plasma.

The blood plasma of man must

therefore contain cholesterol.

Since the process

usually extends over decades a relatively small but
constant supply suffices to c~use the fatty degeneration by way of nutritive imbibition is of course
especially strong in the places of greatest mechanical strain, that is, according to Ranke, the site of
departure of the intercostal arteries. (8)
Virchow, as is known, made a clear distinction
between fatty degeneration in the presclerotic stage
and that in the sclerotic stage.

He claims to have

£ound it especially in juvenile phthisics.

However,

since the deposited cholesterol in either stage is
of one and the same nature, namely chol~sterol ester,
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and.since the presclerotic fatty degeneration of the
intima is found in the majority of people, and not
only in _phthisics, the fatty degeneration must be due
to a physiologic cholesterol ester content of the
blood plasma.

The presence of cholesterol ester in

the human plasma in all decades of life, has been
confirmed by Roffo (72), Janzen (39).

In laboratory

animals, rabbits for example, whose plasma normally
contains little if any cholesterol ester, absorption
of cholesterol by the oral route causes such an
abundance in the plasma that one may speak of an
artificial cholesterol steatosis of the intima or,
brifely, atherosclerosis. {8)
Roffo (72) and Janzen (39) furthermore showed
that, in advanced years, the cholesterol ester content of the blood increases slightly.

In addition to

this, there are certain conditions for instance juvenile
diabetes in which it is pathologically increased.
Ruhl has shown that, accordingly, in diabetics, the
fatty degeneration of the intima reaches especially
high degrees.

It is also probable that infectious

diseases, especially the chronic ones, if associated
with an increase in cholesterol ester in the blood,
contribute to the fatty degeneration of the intima.
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Exact data in this respect are still l acking. (75)
The source of the physiologic cholesterol
ester, however, must be seen in the tood.

Not all

animals develop atherosclerosis, whi ch is probably
due, partly to their limited span of life, and
partly to the fact that phytosterols do not pass into
the animal organism.

Herbivorous animals are there-

fore reduced to forming their own cholesterol, while
carnivorous and omnivorous animals absorb it ready
made.

The richer in cholesterol ester man's diet

in the presclerotic stage of atherosclerosis, the
more proven his intima to undergo fatty degeneration. (8)
Gardner (29), without denying the role of the
cholesterol ester content of the blood in human
atherosclerosis, believes that the origin is purely
endogenous.

Nevertheless, he showed experiments

that protracted feeding with food rich in cholesterol
increases the lipoid content of the blood plasma.

If

the experiments failed in certain animals, for example
cats and dogs, it is probably due to the presence of
mechanisms specifically destructive to cholesterol or
of special excretory paths, for example the biliary
paths.
Thus Aschoff concludes that, aside from the
pathologic processes, thp diet of modern man plays an
important role in the occurrence of atherosclerosis
or atherosis in the presclerotic stage. (8}
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Lehnherr, working 1n 1933 on the problems of
arteriosclerosis and diabetes mallitus, has arrived at
some enlightening conclusions.

The use of insulin has

prolonged the life of the diabetic patient so that he
lives more in the arteriosclerotic zone than ever before.

Chemical analyses of 25 diabetic aortae,

of 25 non-diabetic aortae and 6 children's aortae, were
done to obtain in.formation regarding the deposition
of lipids and their subsequent calcification.

The

average age of the diabetic patient at the time of
death was 57 yea.rs as compared with 51 years for the
non-diabetic patient.

In the diabetic group the causes of death were
directly related to the arteriosclerosis in 13 cases.
There was a greater deposit of lipid, a more marked
change in the lipid allocation, and a higher calcium
and phosphorous content in the diabetic aortae.
Both the diabetic and the non-diabetic had increasing amounts of each lipid, increasing proportion of
total lipid as cholesterol and increasing amounts of
calcium and phosphorous as the age increased.

The

diabetic aortae differ in the exaggeration of the process.

This difference was most marked in the group

from 50 to 60 years of age.

In this age-group the

average values for each of the lipids, the lipid
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allocation, and the calcium content are actually
higher than the corresponding values in the nondiabetic group, 10 years older.

The diabetic group

with an average of 32 to 40 years of age shows no
definite difference from the non-diabetic aortae.
If the age of the patient were reckoned by the amount
of lipid and calcillm deposited in his aora, the
diabetic patient 1n middle life would be prematurely
aged.

Most of the patients were in the age period

when some calcification of the aorta might be expected even in non-diabetics.
It was almost impossible to find diabetics
dying in early middle life.

Only two of the 25

studied were between 30 and 45 years.

The duration

of the diabetes in the adult patients had no definite
relationship with the chemical findings in the aortae.
Severe diabetes of two years• duration in a child
was associated with greater lipid, but less calcium
and phosphorus deposition in the aorta than was found
in an aorta from a diabetic child having had uncontrolled diabetes of 8 years• duration.

These con-

clusions lead one to think that although controlled
diabetics tend to have less lipid and mineral deposition in the aorta than uncontrolled diabetics,
diabetics in general have more deposition than the
non-diabetics.

(55)
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Raab, seeking the influence...of the internal
secretion on arteriosclerosis, states that neither
the old theory of arteriosclerosis as a wear and
tear disease, nor V1rchow's theory that it is an
inflammatory condition can be upheld.

Aside from

the indispensible constitutional-hereditary conditions, alimentary, toxic and mechanical factors
play a role, and the influence of 1ncretory factors
looms larger and larger.

At the same time, intimate

relations between the latter and pathogenic factors
mentioned before reveal themselves.

It is especial-

ly the lipoid and vitamin content of the food, and
certain poisons, for example, nicotine, which act
directly on the incretory system and, via it, on the
vascular system.

The knowledge regarding the role of

the endocrine glands in the genesis of arteriosclerosis
is based chiefly on experimental results, namely,
artificial production and prevention of arteriosclerotic
/

reactions of the vascular system in certain endocrine
syndromes.
The centr~l position of the suprarenals in this
problem is indicated by the powerful hemodynamic effects of adrenalin, by its selective injurious effect
on the media, the intimate relations between the
suprarenal cortex and lipoid metab_.olism, (fixation of
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tissue ch~lesterol by the cortical hormone which itself has a lipoid-like structure) and by the numerous
cases in which arteriosclerotic changes, especially
in young individuals, for example, adenomas of the
medulla, tumors of the cortex, hyperplasia of the
cortex in Cushing•s disease, etc.

It has thus far

not been made clear whether the medulla or the cortex
. plays the more important role.

In the rabbit, re-

peated. intravenous injections of suprarenal lipoid
extracts containing neither cholesterol nor free
adrenalin, but adrenalin linked with lipoid, cause
certain severe scleroses of the media with calcification and formation of plagues, furthermore, loosening
and inspissation of the intima.

In addition, such

treatment stimulates lipoidoses due to alimentary intake of cholesterol.

Raab thinks that this effect is

due to a vaso-act1ve suprarenal-lipoid comples, which
is also found in the serum, consisting of lipoid from
the cortex and adrenalin from the medulla.

He be-

lieves that it is the most important of all the incretory substances playing a role in arteriosclerosis.
However, it is not indispensible, since with sufficiently prolonged feeding with cholesterol, arteriosclerosis
may develop in epinephrectomized rabbits.

It is

possible, _however, that in the absence of the supra-
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renals, sympathin, originating in the periferal
sympathetic nerve plexuses and intimately related
to adrenalin, combines with the serum lipoids, and
thus replaces the suprarenal-lipoid complex. (71)
Allen (1) demonstrated a close relationship
between increased functional activity of the suprarenal gland and the hypertension from the increased
total area of the lumina of the veins and the heightened ratio of muscle to lumina.
Schmidtmann (77a) found that the action of
adrenalin is enhanced in Ringer's solution conatinin cholesterol or allied lipoid substances as
compared with the plain solution, and that a strip of
muscle in such a solution gives the greatest contraction when the phis slightly acid and becomes progressively less marked as the reaction is brought to
the alkaline side, a factor not to be overlooked in
the reaction of the medial coat to this substance.
Recently, certain investigators, especially
Westphal and Siever {83) have shown, on the basis of
histologic findings, that lipoid globules from the
cortex arrive in the blood spaces of the medulla,
where they mix with adrenalin, so that a synergism is
generated between the lipoids of the cortex and the
adrenalin of the medulla.
in essential hypertonia.
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This is especially the case

Analyzing successfully the role of the other
endocrine glands, Raab finds that the thyroid gland
partly inhibits arteriosclerosis, the epithelial
bodies stimulate the sclerotic comples (themedial
calcinosis due to vitamin D), the sex glands have an
inhibitive effect, and the anterior lobe of the
hypophysis, on the other hand, a stimulating effect. {71)
These findings tend to agree with the conclusions
reached by Glazier (31), Page and Bernhard (70),
Shapiro (78} and Moehlig and Osius {61).
Of the exogenous factors (food, nicotine,
alcohol, profession, social position, iodine content of food, infectious diseases), Raab found
food and nicotine the most important and the importance of alcohol generally overrated.

However, he

finds that all these effects are sponsored by the
suprarenals.
Raab goes further to say that an effective
therapeutic control of arteriosolerotie changes of
the vascular walls does not exist.

Any attempt at

prophylaxis mu.st, he feels, be based on the prevention of anything that stimulates the suprarenal
function, whether by food (cholesterol, Vitamin D
in eggs, and animal fats), by nicotine or by psychic
strain. (71)
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Ze ek has reviewed the pathological material
from 1,070 autopsies performed on individuals under
30 years of age, with a view to discovering the
incidence of arteriosclerosis in childhood.

In-

flammatory vascular lesions, such as occur in syphilis,
rheumatic fever, and pyogenic infections, are not
included in her study.

In all, there were 79 cases

(7.4 per cent) which showed definite arteriosclerosis.

In 44 of these 79, or in more than one-half, chronic
renal lesions were found.

In 23 there was evidence

of rheumatic heart disease, four had diabetes and five
tuberculosis.

Nine of the cases were under six

years of age.

Seven of these nine presented lesions

of the kidneys.

All nine cases showed some degree

of splenic hypoplasia and degenerative lesions in
the supra.renal medullae.

The diseases which pre-

dispose to arteriosclerosis in childhood, Zeek concludes, therefore are in order of their importance,
chronic nephritis, rheumatic heart disease -and,
finally tuberculosis and diabetes. (86)
In a second paper Zeek report s on an analysis of

62 cases of rheumatic heart disease, with reference
to the incidence of atheroma, particularly in the
aorta, coronary and pulmonary arteries. Rheumatic
heart disease was found to predispose to the early
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development of atheromatous-lesions in the aorta,
pulmonary and coronary arteries, also 1n the valvular
and left arterial endocardium.

The process appears

to begin as a lipoid deposition soon after the onset
of the cardiac disease, and in a general way parallels
the cardiac damage by the rheumatic process.

It is

of interest that of 28 cases of rheumatic heart disease
dead before 31 years of age, 25 presented some degree
of atheroma of the aorta.

In 19 of these were well

defined plagues, mich in four instances contained
calcium deposits.

Seventeen of the 28 cases also

had demonsyrable atheroma in the coronary arteries,
and 20 of the 28 showed atheromatous pulmonary arteries.
As a result of her studies, Zeek feels justified in concluding that rheumatic heart disease predisposes to the d evalopment of arteriosclerosis, even
in individuals under 30 years of age. (85)

In trying to produce arteriosclerosis in dogs
hypervitamization (pure Vitamin Din the form of
calciferol), Handovsky, working in 1938, observed
alterations of the large arteries and the aorta only
in a thyropa.rathyroidectomized dog. (Page and ·
Burnhard, in 1936, investigated the influence of the
thyroid gland on the formation of arteriosclerosis.)
(70)
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All the others (40 in number), even those
treated with toxic doses (3 mg,upward daily, per os)
which were gravely affected by the treatment, showed
none.

The arteriosclerosis could not be a spontan-

eous one, since the dog was not more than three years
old, and in his long experience with dogs, the writer
has only rarely, and only in very old specimens,
observed a spontaneous arteriosclerosis.

Moreover,

the phenomenon repeated itself several times.
Thus fer eight dogs without thyroid gland have
developed arteriosclerosis on the second largest
doses (0.55 to o.72 mg./, K. of body

wt./ day) which

are not toxic, and other thyroparathyroidectomlzed
dogs, given, in addition to the vitamin, an injectable
thyroid preparation, "thyranon organon", never
developed the condition. Handovsky states emphatically
that the role of the absence of the thyroid gland in
the formation of the arteriosclerosis can therefore not
be doubted.
To be exact, not only the final morphological
lesions in the

thyroparathyroidectomized dogs

differed from those in the others, but the entire
process presented itself differently:

In the

thyroparathyroidectomized doga, 40 to 150 days
after the end of a treatment of about 5 weeks with
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o.6 mgr. per. kilogram of body weight, the hypercalcemia
was marked (9.0 to 14.7 mg. per cent; against 4.3
to 13.5, in the others); the increase in blood pressure was less marked and occured gradually. The
renal arterioles, which, in the others showed atrophic changes of the muscle cells, showed a thickening
of the intima withdeposits of protein and cholesterol,
and the kidneys showed an ascending nephrosclerosis.
As to the alterations of the aorta, they were located
in the lower tissue of the thoracic portion and in
the descending part.

They were

osis and necrosis of the media.

(.8. ·

matter of calcin-

Calcified zones sur-

rounded the mouths of the intercostal arteries.
Handovsky's conclusions were that the thyroid
gland occupies a key position in the alterations of
the blood vessels.

Its hyperfunction {normal animals

in a condition of hypervitaminization) favors arteriolonecrosis and prevents arteriosclerosis.

Its hypo-

function or absence of function favors arteriosclerosis
and prevents arteriolonecrosis.

He goes on to say

that in human pathology, at least in the extreme cases,
the thyroid gland also plays a role in arteriosclerosis. (35)
Working along the same lines as Handovsky (7-7)
Wegelin and Schittenhelm studied the relationship
between myxadema and arteriosclerosis.
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They took

recognition of the fact that the nature of the
noxious effect of chronic hypervitaminosis, depends
upon the functional capacity of the thyroid gland,
and may contribute to the solution of the problem of
arteriosclerosis.

It may also explain the differences

in the findings of a morphologic order in the hypervitaminized animal and the arteriosclerotic human
being.

In the former, necrosis of the media, with-

out participation of the intima: in the latter,
most severe changes in the intima.

However, in the

thyroparathyroidectomized dogs, lesions of the intima
did occur, if not in the aorta, so in the medium sized
arteries.

In the experiment a concentrated noxious

substance was allowed to act for a relatively short
period of -ti~e, in contradistinction to the protracted
process which leads to arteriosclerosis in man, and
the pathologists themselves admit unanimously that the
lesion of the intima is not the primary lesion in
arteriosclerosis. (82)
Bruger and Rosenkrantz experimented on the
possible relationship between arteriosclerosis and
the activity of the thyroid gland.
The records of 24,000 basal metabolic rates
determinations were reviewed.

Investigations were

carried out on subjects 55 years or older and in

-43-

each instance the basal metabolic rate was correlated with the presence or absence of arteriosclerosis.
Of the 24,000 records 755 were of patients 55 years
or older and only 293 of these were accepted for
analysis.

The remainder were discarded because of

incomplete data, cardiac decompensation, thyroid
disorders, blood dyscrasias, history of previous
thyroidectomy or treatment with iodides, thyroid extract or roentgen ray.

The basal metabolic rate was

used as an index of thyroid activity.

The conclusion

was reached that the incidence of hypometabolism
in subjects 55 years or older is greater for those
exhibiting arteriosclerotic manifestations, indicating thyroid secretion is necessary in certain smounts
in the prevention of arteriosclerosis.

The authors

go on to say they are in agreement with those that
feel no single factor explains the etiology o~
arteriosclerosis in human beings; on the contrary,
the problem of its pathogenesis is a complex one. (16)

In order to detennine the role of the parathyroid
glands, four dogs, which had only two of their parathyroid bodies removed in addition to their thyroid
gland, were treated in exactly the same manner as
the thyroparathyroidectomized dogs.

In principle

they showed the -same alterations, but in a much more
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intense degree.

This shows that in the case of a

hypofunction or absence of f'unction of the thyroid
gland, the parathyroid function fijvors greatly the
calcification of the aorta and the large arteries.
Unfortunately, the substance thrown into the
circulation by the thyroid is as yet unknown in its
entirety.

In addition to this, the thyroid gland has

so many functions, to cite only a few besides the
elimination of calcium, the energy metabolism, ard
the diuretic power,which of them intervenes in the
process of arteriosclerosis remains to be seen. (82)
In the course of his studies in experimental
ergotism, Julius Kaunitz found vascular lesions,
such as hypertrophy of the intima and media, fibrous
and hyaline degeneration of the media, atheroma and
thrombus formation.

As ergot in toxic doses causes

prolonged vascular constriction with little or no
rise in blood pressure, it was natural, Kaunitz
thought, to assume that the pathological changes were
due to angiospasm and not to hypertension.
The experimental lesions had certain characteristics which led to their comparison with some of the
periferal vascular and trophic diseases.

On further

study it was noted that the vascular changes also
resembled in some respects those found in arteriosclerosis.
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Kau.uitz admitted the etiology of arteriosclerosis
probably includes many factors, such as heredity, dys.functions, but he thinks that these factors, although
important, do not explain the mechanism responsible
for the _development of the disease.

In his estimation

the mechanism that has received the greatest attention
in connection with arteriosclerosis is hypertension,
because the two are so frequently associated.

Some

authors, he states, believe that even normal intravascular pressure may in the long run produce the
disease.
It is strange, when considering hypertension
in arteriosclerosis, . that angiospasm is not included
as the direct cause, for a high blood pressure rarely
occurs in the absence of vascular spasm.

The latter

may exist, however, in the absence of any appreciable
rise in blood pressure, particularly where

the spasm

is limited to an isolated vessel or group of vessels.
The importance of even normal intravascular pressure
cannot be considered without also considering the
vascular constriction upon which this pressure depends. (45)

In a disease such as arteriosclerosis, where
there are large varieties of hyperplastic and
degeneratl,ve changes in the vessels, itis difficult
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to blame any single mechanism for all the changes.
The important changes in the hyperplastic or proliferative type are ••• hypertrophy of the media
and frequently also internal thickening.

In this de-

generative type there is principally fibrous, hayaline
and fatty degeneration, often with calcium deposition.
With the exception of the latter, most of the changes
of the hyperplastic and degenerative types have been
seen to follow the angiospastic manisfestations of
experimental ergotism.

Such forceful spasm as has

been noted in ergotism probably rarely occurs in
arteriosclerosis, although it may be considerable in
the malignant type of the disease. (45)
In his experimental work with ergotism, the
writer (Kaunitz) was able to obtain both acute and
chronic types of vascular lesions by varying the
dosage.

It was his impression that the character of

the lesions depended to a great extent on the degree
and duration of the vascular spasm.

That this also

applied to arteriosclerosis seemed very suggestive.
It at least served as a possible explanation for the
large variety of lesions found in this disease.

In

analyzing the effect of the angiospasm, one first
notices a constriction of the vessel followed by
hypertrophy of the media, a characteristic feature of
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the proliferative type or stage of arteriosclerosis.
The hypertrophy of the media may be considered a
natural sequence to the frequent vigorous contractions,
just as the skeletal muscles hypertrophy following
frequent exercise, or visceral muscles, such as the
pyloric sphincter, hypertrophy following continuous
spasm.

Continuous spasm over a long period of time,

compressing the intramural lymph spaces and

vaso-

vasorum, interferes with the nourishment of the vessel
wall, somewhat supporting Stern's (80) theory.

It

has been suggested that arteriosclerosis is the result of a trophic disturbance in the vessel wall.
This disturbance is responsible only for the later or
degenerative phase of the disease.
Intramural hemorrhage in arteriosclerosis has
been described.
was noted.

In one specimen subintima hemorrhage

This is probably due to a forceful separ-

ation of the intima from the media.

That hemorrhage

might occur in any part of the vessel wall because
of very forceful spasm does not seem improbable.
Although angiospasm is given chief consideration in the mechanistic development of arteriosclerosis,
it in no sense excludes the importance of some of the
other etiological factors responsible for the disease.
Kaunitz concludes by prefering=ergot not to be
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regarded as an etiological factor, its i mportance being merely as a drug capable in toxic doses of producing severe vascular constriction with a negligible
rise in blood pressure. (45)
Therefore, it is evident that more work is
needed in this line of thought before angiospasm can
be definitely cited as a cause of arteriosclerosis.
That infection may play an important role in
the Etiology and pathogenesis of atherosclerosis has
been suggested from time to time for many years.
From a comprehensive study of necropsy material from
the standpoint of previous infections to presence of
arteriosclerosis found at autopsy, OphUls concluded
that infection of the rheumatic type played an important role.

He states that the tissue ehanges in

arteriosclerosis are partly inflammatory but to an
equal extent degenerative and reparative. (69)
Then Klotz, in 1906, succeeded in the production of intimal lesions in rabbits by intravenous injections of bacteria typhoid and streptococcus. (49)
Results similar to those of Klotz have been
rep orted as far back as 1889 by Gilbert and Lyon,
who produced intimal lesions in rabbits by intravenous injection of streptococcus isolated from a
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case of endocarditis. (30)
Benson, Smith and Semenov produced, by intravenous injection of streptococcus broth cultures,
arteriosclerotic lesions in 612 aortae of rabbits fed
ordinary diets.

In cholesterol fed rabbits the lesions

were more marked and were found in 85 per cent.

These

lesions were much more extensive than those found in
cholesterol-fed rabbits which did not receive bacterial
injections.

Their conclusion was that there was a

definite causal relationship between infection and
arteriosclerosis. (8)
Jobling and Meeker attempted to produce experimental atherosclerosis in cholesterol fed rabbits
within a short space of time - thirty days - by
changing the permeability of the vessel in the region
of the internal elastic membrane and by increasing
the permeability of the intima without other injury
to the vessel.

They used intravenous injection of

streptococcus toxin, 2 per cent ammonium chloride
solution by stomach tube, artificial fever to 1130
Fahr; intravenous injection of peptone solution,
anaphylactic shock reacti on with horse serum, intravenous injection of.uric acid and intravenous injection of histamine.
cated also in cats.

These experiments were dupliAll results ~ere negative.
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No

focal injuries to the wall and no infilitration of
lipids were observed. (40}
This study indicates that if infection does
play a role, it is not o~e of changing the permeability of the vessel walls, but of an internal inflammatory nature.
Now that the important woek of Larsell and
Fenton on the lymphatic pathways from the nose has been
completed, we know that there is a direct anatomical
route from the paranasal sinuses into the systemic
blood stream via the paratracheal lymphatic vessels
to the great vein and thence into the right side of
the heart and into the pulmonary bed.

From this point

the pulmonary tissues and other parts of the body
are reached.

Thence by way of the vasa vasorum, the

organisms enter the vascular wall. (53)
This work gave considerable impetus to the investigations directed toward finding the role inf'ection played in the development of arteriosclerosis.
Jones and Rogers, working at the University of
Oregon medical school, thinking infection may have an
important role, were able to demonstrate the presence
of microorganisms in the walls of all atherosclerotic
vessels in which a careful search for them has been
made.

They pointed out, that in certain instances of
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atherosclerotic heart disease there exists a clinical
relationship to infection and that the removal of
the latter beneficially affects the course of the
former. ( 42 )
Ivan Hall, in 1930, discovered a new pigment
forming anaerobic coccus, which he called micrococcus Iniger, in the examination of urine of a case
of generalized arteriosclerosis.

He thought the

organism may in some ways be associated with the vascular changes.

However, much work and substantiation

of this finding is necessary before it can be seriously considered as an etiological factor. (33)
Saltykow, by injecting cultures of low virulence of staphylococci into animals produced both
medial and intimal changes, the latter identical with
an e~ly stage of human arteriosclerosis. (76)
Lathrope concludes that there is a suggestive
etiological relationship between oral sepsis and
vascular disease. (25)

Nuzum and Elliot · a1so found

such a relationship in a series of two hundred and
fifty patients with arteriosclerosis and a like number of controls. (66)
Timothy Leary has probably done more work on
the problem of arteriosclerosis than any other investigator.

It is pertinent at this time to go into some
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detail as to the process invomed in the development
of arteriosclerotic lesions according to this investigator's observations.
Leary says the term arteriosclerosis is properly
limited to non-infectious chronic disease of the
arterial system. Arteritis, whether syphilitic, rheumatic, typhoidal or related to other infections,
thrombo-angiitis obliterans, periarteritis or polyarteritis nodosa and productive thrombotic diseases
are excluded.
We are left with the arteriolar (diffuse)
sclerosis, MOnckebergs sclerosis, and atherosclerosis.
Arteriolar sclerosis is characterized by (1) hyaline
intimal lesions which are analogous to those occuring in atherosclerosis, by (2) hypertrophy and degeneration of the media, by (3) proliferative thickening of the subendothelial layer of the intima, and
is closely allied with hypertension.

There is also

a close relation between hypertension and atherosclerosis, particularly with reference to the coronary
arteries.
MOnckebergts sclerosis, responsible for beaded
and pipe-stem arteries, is not clinically significant.
The media is calcified in the relaxed state resulting
in dilatation of the vessels.
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Clinical disturbances

engrafted atherosclerosis.
Atherosclerosis is responsible for most of the
arteriosclerosis which is clinically significant.

All

active human atherosclerotic lesions contain excess
cholesterol.

Only healed (scarred) or calcified lesions

are free from this excess.

In other words, active

atherosclerosis cannot occur without cholesterol. (54)
A more detailed discussion of these types of lesions
follo,vs:
Atherosclerosis:

According to the Virchow-

Aschoff theory, the wear and tear on the vessels by
pressure of the circulating blood produces a swelling
of the deep layers of the intima accompanied by degeneration.

The arterial intima is not vascularized

but depends for its nutrition on imbibition or diffusion of plasma through its tissued from the circulating blood.

Cholesterol esters, according to this

theory, are precipitated from the plasma in its passage
through the swollen intima and occur as free ester
in the lesions.

Phagocytic cells pick up excess choles-

terol esters, much as they would engulf particulate
solid matter.

These cells, loaded with fine ester

droplets, are known as

11

foam cells".

Though other

lipoids, kerasin and sphingomyelin may be found filling foam cells in th~ rare lipoidosis, 90 per cent
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~t least of foam cells in human tissnes carry cholesterol
esters. (54)
Klotz insisted that the earliest lesions of
atherosclerosis were marked by the presence of foam
cells.

There was no swelling or degeneration of the

intima and no free cholesterol esters.

He believed that

the description of Aschoff applied to advanced lesions.
The free esters were due to the disintegration of foam
cells as a part of the progress of the lesion. (47)
Leary's studies of early lesions have supported
Klotz 1 s findings.

The earliest lesions show foam

cells in the subendothelial layer of the intima, and
there are no free esters. (54)
Atheroma:

In early youth the stay of foam cells

in the subendothelial layer of the arterial intima may
be temporary.

A mechanism previously described by

Leary removes the excess cholesterol from the lesions
and the tissues are restored to the normal.

This

power to remove excess cholesterol rapidly from the
tissues is gradually lost as age comes on but persists in the ascending aorta into old age.
Atherosclerosis: Progressive lesions, i.e.,
those of true atherosclerosis, are marked by stimulation of connective tissue growth due to the excess
cholesterol in the foam cells in the lesion; invasion
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by the foam cells of the deeper layers of the intima;
necrosis of the deep layers as the lesions enlarge
beyond the power of plasma diffusion to support them;
vascularization; repair with scarring; or calcification.

In very susceptable persons in youth, and as

a standard lesion in older ages, foam cells may pile
,..

up in masses without adequate provision for nutrition
or for physical support of the cells.

Massive necro-

. sis of these cells gives rise to lesions with soft
mushy contents whose thin covering layer tends to
rupture at a touch.

These lesions are improperly

called atheromatous abcesses.
antitheses of abcesses.

They are actually

There is no cellular ex-

hudate and the concentrated cholesterol prevents
infection.

A better term for such a lesion is athero-

cheuma (literally mush liquified).

Atherocheumas

may rupture producing atheromatous ulcers, which may
give rise to thrombi and rarely to dissecting
aneuryisms.
The frequency with which lesions of the
coronary arteries occur and the serious charadter of
the lesions are in all probability due to the unusual
stresses which these vessels are called upon to bear.
The coronary orifices are located just above the
aortic ring in a region exposed momentarily to
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maximum stress by the closure of the cortic cusps.
The pressure is quickly relieved by diffusion through
the elastic aorta but surely have an influence on the
structures subjected to it.

Furthermore, the coronary

branches are distributed through the muscle bundles

In experimental animals the venticular

of the heart.

wall can be seen to become pale during systole, due to
the compression of the muscular arterial br~ches, the
capillaries and the veins.

Meantime the primary

coronary vessels and the main subepicardial branches
not subjected to compression, are filled with blood
under systolic pressure and cannot be emptied.

The

principle coronary circulation is during systole.
Probably be.cause of these unusual stresses, the
coronary arteries develop, beginning in the teens, or
earlier, a thickened intima in the form of what Leary
has called a

11

buffer layer".

Other vessels, notably

the proximal portions of the 1ntercostal arteries, the
hepatic artery, and the vessels of the penis, uterus
and ovaries, subjected to stresses, develop thickened intima, unrelated to arterial disease as such.

But

in none of these vessels is the thickening so constant and so perfect a part of the vessel as is true
in the coronary arteries.
The localization of the lesions of coronary
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sclerosis is due to stresses and is most constant in
the proximal 3 to 4 cm. of the left coronary artery and
its descending branch.

Not only are the lesions most

constant in this site but they tend in general to
progress toward occlusion more rapidly here.

The left

coronary artery in this region turns almost at a
right angle from its origin and gives off a large
branch, the circumflex.

The right coronary artery

does not undergo such a change in course and does not
give off a large branch so early.

However, as

atherosclerosis progresses both coronary vessels are
affected.

In advanced cases the distribution of the

lesions may be essentially equal in both vessels.
Coronary sclerosis furnishes the best evidence
that atherosclerosis is not a disease of age.

In

Leary's series advanced coronary sclerosis at 12 and
15 years of age and coronary deaths at 25, 26, 28, 29
years of age, with many in the thirties, determine
that issue beyond question.

Many of the young

victims were robust athletic types.

There were no

stigmata of senility in any of the younger group.
Coronary lesions tend to vary in their histologic makeup with the age of the individual.

The

initial invasion of the subendothelial layer of the
intima by foam cells is followed by the stimulation of
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conne~tive tissue and thickening of the intima.

The

foam cells invade the deep layers of the thickened
intima.

New waves of foam cells invade the lesion as

it enlarges.

Necrosis of the deep layers, which are

most removed from the lumen, is usual.

If the lesion

is to enlarge, a new source of nutrition must be found.
Capillaries, arising in most cases, directly from the

In some cases extention of

lumen, supply this need.

the vasa vasorum furnish the new circulation.

In

youth the capillary system lies in a relatively loose
textured connective tissue.

Rupture of the delicate

capillaries may result from compression by coronary
spasm.

Hemorrhage from capillary rupture is followed

by fibrin formation and fibrimoid necrosis.

This may

extend to the lumen and thrombosis may follow.
Thrombosis is the usual termination of c.oronary sclerosis in youth.
In the middle period of life there is greater
tendency to collagen production, and scarring of the
lesion is outstanding.

The new acretions of foam

cells are perhaps less frequent than in the group who
die early 1h life.

Narrowing of the lumen by the en-

croaching lesion is on the whole slower in this period.
Hypertension is a common associated condition.

As the

lumen~narrows a state of coronary insufficiency may
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result.

Calcification of the arteries following

necrosis in atherosclerotic lesions is conn:non but
scarring is the main characteristic of the lesion in
this period.

In the older ages the coIIm1on lesion is one of
atherocheuma formation.

The reaction o.f connective

tissue to the presence of cholesterol is less marked.
Enough connective tissue to support the massed lipoid
cells may not have been produced.

Death may result

from coronary insufficienty but frequently death is
due to rupture of an atherocheuma.

As coronary disease

narrows the vascular lumen the blood supply is cut
down and the oxygen demanding muscle fibers undergo
atrophy.

The tougher connective tissue replaces the

fibers and rapidly proceeds to scar formation.
Leary concludes by making the dogmatic and final
statement that since cholesterol is the cause of
atherosclerosis, the disease is preventable.

There are

indications that the human body can synthesize the
cholesterol if needs.

The substance is apparently

required in greatest amount during periods of active
cell production.
for the embryo.
'biy

The cholesterol of egg yolk is needed
The cholesterol of milk is required

the nursling after its intrauterine supply from the

blood of the mother has stopped.
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At any rate the

needs of the body for this substance..._must be less
after the period of rapid cell growth has passed.
Prevention by diet should be more successful than is
true of diabetes, since cholesterol does not appear
to be a necessary part of the diet.

Vegetable fats,

whose sterols are not absorbed, may be substituted for
animal fats.
Choline and lipocaic, which are said to prevent
the excessive deposit of fat in the livers of experimental animals, may influence the deposit of excess
cholesterol in the arteries.

The evidence in that

direction up to now is not very strong h owever. {54)
Stern, in presenting the main antithesis to
Leary's theory emphasizes the importance of the vasa
vaso~um in the etiology of arteriosclerotic lesion
formation.

He has founded his arguments on sound

bases and his theory is supported by many investigators.
His argument, rather in detail, may be divided
into two parts; the first, that vasa vasorum do exist
and penetrate to the intima; the second, that disease
of the vasa vasorum causes the lesion of arteriosclerosis.
He says that it is illogical to assume that the
vasa vasorum does not penetrate to ~he 1ntima in
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arteries while they do exist in the more passive_and
inactive veins.
Maximow and Bloom state "The walls of all arteries
and veins with a caliber of greater than l mm. are
provided with their own nourishing blood vessels, the
vasa vasorum.

They originate from adjacent small

arteries and form a dense capillary network

in the

adventitia." (60)
Stern reasons · that the fact that vessels larger
than l mm. in caliber are supplied with vasa vasorum
makes it likely that imbibition is not effective
through a thickness of over 0.5 mm.

Therefore larger

vessels must be supplied by vasa vasorum to insure
nutrition to the media.

Briefly his reasons justify-

ing the presence of vasa vasorum all through the thickness of the arterial wall are suggested by (1) the
need of the tissues for oxygen and nutriment due to the
stress and strain of blood pressure and pulse wave to
L

which it is subjected; (2) their presence in veins;
(3) their presence in arteries, their absence being
only apparent, because there is no need for the usual
muscular structure of the arterioles, and the endothelial tubules are squeezed empty by post-mortem
elastic and tonic contraction; (4) their presence and
extent in syphilitic blood vessel disease; (5) their
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recent demonstration in arteriosclerosis. (80)
To support these theoretical considerations,
Winternitz has recently shown marked vascularity of
all coats of arteries.

He has beautifully demonstrat-

ed the presence of three types of arterioles in the
vessel walls.

One type originates from the a.mall

arteries of the adventitia.

The second originates

from the orifices of the branches of the artery and
passes laterally into the media and intima.

The third

originates from the endothelial lining of the main
vessel and ramifies in the deep intima.

He has shown

that these are not end arteries, but anastomose
freely with one another. (84)
Winternitz has summarized his conception of
the origin of the arteriosclerotic lesions. He says:
"Recognition of existence of vasa vasorum in
the wall of the blood vessel alters the concept of the
reactions of this tissue to injurious agents.

The

response to injury is medicated through the capillary
bed and is manifested by two more or less distinct
and variably proportioned reactions: exhudation and
proliferation.

Exhudation may include serum and

cellular elements, and be further complicated by the
precipitation of fibrin.

Proliferation consists of

new formation of blood vessels and connective tissue
elements, including fibroblasts and many varieties of
mononuclear cells.

Such a basic formula in any of
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its permutations may be a,ru>lied to the vessel wall. 11 (84}
Elsewhere he lays great stress on the hel!ll!lrrhagic
phase of the exb.udation.

He

i'urther states that •••

"Exhudates are of little significance unless
they are massive and cannot be removed promptly.

Then

they may remain with or without the addition of dead
elements of the tissues to act as stimuli for subsequent
organization."
Thus he recognizes both resolution and organization as processes in terminating the lesions.

After

summarizing the reactions of the ves s els to harmful
agents, he states that

these noxious causes "include

the mechanical, chemical and parasitic, which result
in exhudation in which red blood cells may be included." {84}
Stern believes that the most important factors
in initiating reactions of sclerotic nature in the
vessel tissue are occlusion of the vasa vasorum, with
infarct formation, organization and calcium deposition.

The factor that m~-y occlude the vasa vasorum

are: {l} small particles such as bacteria which may
start an inflammatory reaction; small emboli, fibrin
particles, fat globules, clumps of white blood cells,
phagocytes, pigments, cell detritus and nuclear
fragments; {2) swollen proliferating endothelium
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caused by trauma, and toxic substances such as lead
and snake venom; (3) increased viscosity of the blood
in which the percentage of glucose plays an important
part. (Thus he brings out why the disease is more
marked in diabetes mellitus.

The high glucose content

of the blood stream increases its viscosity.)
Cholesterol plays its importan~ role here, acting
with glucose to increase blood viscosity. (4) Vasomotor effects either of toxic or reflex origin; (5)
endocrine changes, of which the most important is
the gradual but steady lowering of metabolism as the
years pass. (80}
Stern presents his theory in a very convincing
manner but it is obvious that no single factor or
structure is to be held responsible for the development of these lesions.
Goldblatt, in his experimentations, causing
hypertension by producing ischemic kidneys "noted
arteriolar changes."

He said that in the animals

with hypertension and renal excretory insufficiency,
especially if they develop fatal uremia, petechiae
as s ociated with hyalinization fibrinoid degeneration,
necrosis and acute inflammation of arterioles develop
in many organs, chifely the gastro-intestinal tract,
pancreas, gall bladder and urinary bladder, but not
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in the lungs or kidne~s in which the vascular system
is not subjected to increased tension.

These arteriolar

changes are sclerotic in nature and he says they are
the result of the induced hypertension.

No mention is

made of changes in the larger vessels, but the significant changes in the arterioles warrant giving importance
to the role hypertension plays in sclerotic changes.
Most .observers recognize the importance of the
hereditary factor.

O'Hare in a ser.ies of 300 patients

with arteriosclerosis found a family history of
vascular disease in 68 per cent and only 36 per cent
in controls.

Mortensen, in a study of nine hundred

persons, concludes that heridity is a very positive
factor in arteriosclerosis and diabetes.

(63)

One of the more remote possible causes and one
in which there has been but little experimentation,
is the menopause and its glandular upsets, as a
contributing agent to arteriosclerotic development.
A. L. Nielson in studying the hypertension associated
with the menopause states that functional hypertension
is a very co:m:mon symptom of the climacteric.

He

contends this functional hypertension of the menopause in some cases develops into an organic hypertension with arteriosclerosis and chronic heart or
kidney disease.

He thought the unbalanced endocrine
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system at that time was responsible. {65)

More work

is necessary here to establish any significance to
Nielson's conclusion, but experimentation along this
line may speed the final correct solution.
In reviewing the literature presented in this
paper one can see that many sound and varied opinions
are discussed.

No absolute or dogmatic statement can

be made so the following summary will explain the
position to which I have arrived after studying this
problem.

SUMMARY
It is a certainty that arteriosclerosis is an
ancient disease.

Evidence of sclerotic vessels has

been -found in Egyptian mu.nnnies.

Anatomical investi-

gations carried out by the ancient Greeks told of
the condition at that time.

From the 16th to the

19th century, arteriosclerosis was observed, although
information was meager and investigations as to its
cause were few.

At that time arteriosclerosis was

thought a natural physiological response to senility.
Etiologiea1 research gained momentum.

Pathological

descriptions were numerous during the 19th century.
Friction of the blood was first thought to be
responsible for the rigid arteries.

Increased

viscosity of the blood tended to obstruct the vasa

- 67-

vasorum causing inf...arction of the vessel wall.

Other

writers believed the lesion's origin to be one of pus
formation, the result of inflammation and exhudation.
Early in the 19th century, controversy arose as
to the location of the lesion.

The majority of the

workers placed the lesion in the intima primarily, a
few placed it between the two inner coats.

Lobstein (56)

named the disease "arteriosclerosis".
Later the workers suspected the lesions to be
formed from elements in the blood deposited in the
vessel wall.
Virchow (81) said the mechanical irritation of
the blood stream caused chronic inflammation followed
by connective tissue overgrowth.
Therefore, until the 20th century the main conclusions were that viscosity of the blood, inf'ection
and mechanical irritation were the most significant
causes.
With the coming of the 20th century, the possibility of faulty metabolism as the etiological factor
was advanced.

Extensive experimentation was under-

taken.
It is not a disease confined to old age as
sclerotic changes have been found in children and
young adults.
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High protein diets were fed to experimental
animals and arteriosclerotic changes developed.

Many

workers satisfied themselves that a high cholesterol
diet fed to experimental animals caused atherosclerosis.
The cholesterol was engulfed by phagocytic cells,
carried into the intima and remained as "foam" cells.
They caused irritative tissue response.
Other workers, thinking the endocrine glands
may play a part, found that giving pituitrin seemed
to increase the cholesterol-arteriosclerogenic relationship.
condition.

The injection of adrenalin would cause the
It was established that people showing

altered thyroid function resulting in diminished
secretion will also give evidence of increased vessel
pathology.

Removing parathyroid tissue in addition to

thyroid, increased this vessel pathology even more.
It was found that experimental animals suffering from
adrenalectomy, gonadectomy, thyroidectomy and
splenectomy showed a startling increase in sclerotic
processes.

Diminished pancreatic secretion seemed

to play an impm-tant part.
Aschoff ( 7) thought the disease was produced
by the stress and strain of the pulse wave, followed
by degeneration.
Many other factors have been investigated as
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possible contributing agents.....to the disease.

Occupa-

tion, especially those in which more vigorous exercise
was required, is of significance.

Certain diseases -

such as rheumatic fever, chronic nephritis, tuberculosis and diabetes, occuring in children, predisposed
to early development of arteriosclerosis.

Anglo-

spasm plays a part, and definite sclerotic changes in
vessels have been found as a result of hypertension.
Occlusion of the vasa vasorum is known to cause
sclerotic lesions, but there is, as yet, some doubt
as to the penetration of the vasa vasorum to the intima.
Much work has been done seeking the possibility
of infection causing the condition and a definite
causal relationship has been established.
There is some evidence that there is an inherited tendency to develop arteriosclerosis.
CONCLUSION
Hardening of the arteries is one of the oldest
and most widespread of the chronic disease processes
and with the increase in the average longevity of the
population, is becoming of ever-increasing importance.
Whatever vascular changes may occur as a normal
1nvolutionary accompanyment of old age, the arteriosclerotic process certainly cannot be confined to
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geriatrics, since it is encountered to varying degrees at the earlier ages also.

Despite the dictum

that a man is as old as his arteries, these vessels
themselves are not all of the same physiologic age.
Hyaline changes, and even calcification, occur in
certain vessels normally in young individuals, and
pipe-stem radial arteries do not bear the same prognostic import as do corresponding changes in the
vessels of the brain or coronary system.
Recent work on the induration of blood vessels
as a result of the administration of cholesterol,
adrenalin, high protein diets and numerous other
agents, even performed on animals in which spontaneous arteriosclerosis is known to occur, cannot be
entirely disregarded.

However, it is questionable

how much significance may be attached to these experiments because their food habits and bodily processes do not correspond to those of man.

Also it may

be recalled that even these known soluble agents result, not in a diffuse uniform thickening of the
arterial walls, but in patchy discrete flecks and
plaques, which only later tend to merge into continuous alterations of the blood vessel walls.
The etiology of arteriosclerosis involves,
therefore, not only the agents responsible for the
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occurence of the process at all, but also all factors concerned in its localization in vessels of a
certain size, type and position, and the particular
type of lesion produced.

The local factors concerned

in the deposition of cholesterin and other lipoids,
the accumulation of calcium salts, and the even more
fundamental and mysterious

11

hyaline 11 and other degen-

erative changes in the tissues of the arterial walls
must be elucidated before we may understand the
entire mechanism involved.
There are many questions that remain to be
answered.

Are the sclerotic changes the result of a

dysfunction of the endocrine system?

Experiments

show that a diminution of thyroid secretion, interference with pancreatic and gonadal secretion will
cause indurative changes.

Adrenalin and pituitrin

in excess cause the condition apparently.

Thus it

would indicate that an unbalance of the endocrine
system is at fault.
However, there is evidence that strenuous work,
infection, predisposition caused by childhood diseases,
play important roles as causative agents.
There are so many interrelated bodily processes
and reactions, that the etiology of arteriosclerosis
can never be confined to one, or even several factors,
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Probably the endocrine system, it being influenced
by numerous other factors, is the key to the final answer, which will never be solved until we have delved
more deeply into the mysteries of the endocrine.
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